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DC POWER CONVERSION CIRCUIT WITH
CONSTANT CURRENT OUTPUT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional

Application No. 60/821,578, filed on Aug. 7, 2006 and
entitled “DRIVING CIRCUIT AND METHOD OF CON-

STANT CURRENT CONTROL FOR LIGHT EMITTING

DEVICE”, the contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a direct-current (DC)
power conversion circuit, and more particularly, to a DC-to-
DC power conversion circuit with constant current output.

2. Description of the Prior Art

Light emitting diodes (LEDs) have been widely used in
indicating lamps and display devices of information, commu-
nications and consumer electronic products, such as traific
light indicators. Unlike incandescent lamps, the LEDs are
luminescent devices and have advantages of low power dis-
sipation, long life, extremely short warm-up time and fast
reaction. Besides, the LEDs are light, resistant to vibration
and easy to mass-produce. Regarding physical characteristics
of the LED, luminosity is proportional to LED current, and
the LED current increases exponentially with a forward bias.
That 1s, the larger the current that flows through the LED, the
higher the luminosity the LED emits. Furthermore, the LED
current varies exponentially with ambient temperature.

Specific applications, such as backlights of LCDs and trat-
fic light indicators, require the LED to luminesce stably.
Theretore, these applications generally require a voltage con-
version circuit to control the LED current, so as to maintain
the LED luminosity.

Please refer FIG. 1, which 1s a schematic diagram of a
DC/DC voltage converter 10 according to the prior art. The
DC/DC voltage converter 10 includes a direct-current (DC)
voltage source 100, a switch transistor 102, a resistor 104, a
diode 106, an inductor 108, a capacitor 110, aload circuit 112,
a control signal generator 114, and a voltage regulator 116.
The control signal generator 114 generates a control signal Sc
according to a current of the resistor 104, and thereby the
voltage regulator 116 regulates a voltage level of the control
signal Sc, so as to control the switch transistor 102. The
working principle of the DC/DC voltage converter 10 1s
explained as follows. As the switch transistor 102 1s turned
on, the diode 106 bears a reverse bias, and thereby a loop L1
becomes open. As a result, the DC voltage source 100 charges
the inductor 108, and meanwhile, an increasing current flows
into the resistor 104. As the current of the resistor 104
increases to a specific level, the control signal generator 114
turns off the switch transistor 102 with the control signal Sc.
Once the switch transistor 102 1s turned off, the inductor 108
accordingly generates an inverse-polarity voltage, so that the
diode 106 bears a forward bias and loop L1 begins conducting
current. Meanwhile, the current of the resistor 104 starts to
decrease gradually. To sum up, the DC/DC voltage converter
10 maintains current output to the load circuit 112 1n a tight
range by alternatively turning the switch transistor 102 on and

off.

In the DC/DC voltage converter 10, the control signal
generator 114 and the other devices use a same grounding
node, GND, such that the switch transistor 102 and the control
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signal generator 114 are situated at different voltage levels.
The switch transistor 102 operates at a voltage high side,
whereas the control signal generator 114 operates at a low
side, and the control signal Sc generated 1s at the voltage low
side as well. As a result, the DC/DC voltage converter 10
depends on the voltage regulator 116 to pre-regulate the con-
trol signal Sc to an appropnate voltage level for the switch
transistor 102. That 1s, the voltage regulator 116 raises the
voltage level of the control signal Sc to the voltage high side.
However, the voltage regulator 116 1s typically a transformer

device, resulting 1n high circuit complexity and area 1n the
DC/DC voltage converter 10.

SUMMARY OF THE INVENTION

It 1s therefore a primary object of the present mvention to
provide a DC power conversion circuit with constant current
output that can reduce circuit complexity and production cost.

The present invention discloses a DC power conversion
circuit with constant current output. The DC power conver-
s1on circuit includes a DC voltage source, a driving circuit and
a control signal generator. The DC voltage source 1s used for
providing DC power. The driving circuit includes a switch, a
resistor, a diode, and an inductor. The switch has a first end
coupled to the DC voltage source, a second end for receiving
a control signal, and a third end. Furthermore, the switch 1s
used for conducting or cutting off a coupling between the first
end and the third end according to the control signal recerved
by the second end. The resistor has a first end coupled to the
third end of the switch and a second end coupled to a first
grounding end. The diode has a first end coupled to the third
end of the switch and the first end of the resistor, and a second
end coupled to a second grounding end. The inductor has a
first end coupled to the first grounding end, and a second end
coupled to a load circuit. The control signal generator is
coupled to the second and third ends of the switch and the first
grounding end and 1s used for generating the control signal for
the second end of the switch according to a current of the
resistor.

The present invention further discloses a DC power con-
version circuit with constant current output. The DC power
conversion circuit icludes a DC voltage source, a driving
circuit and a control signal generator. The DC voltage source
1s used for providing DC power. The driving circuit includes
a switch, a first resistor, a second resistor, a diode, and an
inductor. The switch has a first end coupled to the DC voltage
source, a second end for recerving a control signal, and a third
end. Furthermore, the switch 1s used for conducting or cutting
ol a coupling between the first end and the third end accord-
ing to the control signal recerved by the second end. The first
resistor has a first end coupled to the third end of the switch
and a second end coupled to a first grounding end. The second
resistor has a first end and a second end coupled to the first
grounding end. The diode has a first end coupled to the first
end of the second resistor, and a second end coupled to a
second grounding end. The inductor has a first end coupled to
the first grounding end, and a second end coupled to a load
circuit. The control signal generator 1s coupled to the second
and third ends of the switch, the first end of the second
resistor, and the first grounding end, and 1s used for generat-
ing the control signal for the second end of the switch accord-
ing to a current of the first or second resistor.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill 1n the art after
reading the following detailed description of the preferred
embodiment that 1s illustrated 1n the various figures and draw-
Ings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a DC/DC voltage con-
verter according to the prior art

FIG. 2 1s a schematic diagram of a DC power conversion
circuit according to an embodiment of the present invention.

FIG. 3 15 a schematic diagram of a DC power conversion

circuit according to a second embodiment of the present
ivention.

DETAILED DESCRIPTION

Please refer to FIG. 2, which 1s a schematic diagram of a
DC power conversion circuit 20 with constant current output
according to an embodiment of the present invention. The DC
power conversion circuit 20 includes a DC voltage source
200, a driving circuit 22, a control signal generator 214 and a
load circuit 214. The DC voltage source 200 1s used for
providing DC power. The driving circuit 22 has similar archi-
tecture to the DC/DC voltage converter 10, and includes a
switch 202, a resistor 204, a diode 206, an inductor 208 and a
filtering capacitor 210. The switch 202 has a first end 2022
coupled to the DC voltage source 200, a second end 2024 used
for receiving a control signal Sc, and a third end 2026. Fur-
thermore, the switch 202 1s used for conducting or cutting off
coupling between the first end 2022 and the third end 2026
according to the control signal Sc received by the second end
2024. Preferably, the switch 202 1s a metal-oxide-semicon-
ductor field-efiect transistor (MOSFET), where the first end
2022 1s a drain, the second end 2024 1s a gate, and the third end
2026 15 a source. Alternatively, the switch 202 can also be a
bipolar junction transistor (BJT), where the first end 2022 1s a
collector, the second end 2024 1s a base, and the third end
2026 1s an emitter. Unlike the resistor 104 coupled between
the capacitor 110 and the load circuit 112 in FIG. 1, the
resistor 204 1s coupled between the switch 202 and the induc-
tor 208, and a first grounding end GND1 1s set on the coupling
between the resistor 204 and the inductor 208. The diode 206
1s coupled between the third end 2026 of the switch 202 and
a second grounding end GND2. The diode 206 1s preferably a
p-n junction semiconductor device where the upper end of the
diode 206 1s N-doped, and the lower end 1s P-doped according

to FIG. 2. The second grounding end GND?2 1s used for the DC
voltage source 200, whereas the first grounding end GND1 1s
used for the control signal generator 214. That 1s, the control
signal generator 214 1s not commonly grounded with other
devices 1n FIG. 2. The inductor 208 1s coupled between the
first grounding end GNDI1 and the load circuit 212, and 1s
used for storing or releasing electrical energy provided by the
DC voltage source 200. The filtering capacitor 210 1s coupled
between the inductor 208 and the second grounding node
GND2, and 1s used for filtering out a noise component of the
current outputted to the load circuit 212. The control signal
generator 214 1s preferably a pulse width modulator, and 1s
coupled to both ends of the resistor 204, one being the first
grounding node GND1. The control signal generator 214
senses the current of the resistor 204 and thereby generates
the control signal Sc for the second end 2024 of the switch
202 according to the current variation.

The load circuit 212 15 a device requiring stable operating
current. Taking the LED for example, the stable LED current
can maintain the LED luminosity, since the LED luminosity
1s proportional to the LED current. For provision of stable
operating current, the control signal generator 214 senses the
current of the resistor 204 to generate the control signal Sc, so
as to control the switch 202. The current outputted to the load

circuit 212 can be maintained 1n a specific range with alter-
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4

nate turn-on and turn-oil of the switch 202. The detailed
operation 1s described as follows. As the switch 202 turns on
(conducts), the diode 206 bears a reverse bias, and thereby a
loop L2 becomes open. The DC voltage source 200 starts to
charge the inductor 208, and meanwhile the current of the
resistor 204 gradually increases with the current of the induc-
tor 208. When the current of the resistor 204 increases to a
predetermined maximum level, the control signal generator
214 turns off the switch 202 with the control signal Sc. As
soon as the switch 202 turns off, the DC voltage source 200
cannot provide electrical energy, and thus the inductor 208
generates mverse-polarity voltage. The diode 206 changes to
operate under a forward bias, and the loop L2 conducts. The
current of the resistor 204 accordingly decreases with the
current of the inductor 208. When the current of the resistor
204 decreases to a predetermined minimum level, the control
signal generator 214 turns on the switch 202 with the control
signal Sc. By the above-mentioned operation, the current of
the load circuit 212 can be maintained within a specific cur-
rent range. In the DC power conversion circuit 20, the control
signal generator 214 does not share the same grounding node,
1.€. the second grounding node GND2, with other devices, but
uses the first grounding node GND1. In addition, the resistor
204 couples between the switch 202 and the inductor 208, so
that the control signal generator 214 can generate the control
signal Sc with a voltage level at the high side. Thus, the
control signal Sc can be sent directly to the switch 202,
without any assistance from transformer devices.

Please refer to FIG. 3, which 1s a schematic diagram of a
DC power conversion circuit 30 according to a second
embodiment of the present invention. The DC power conver-
s1on circuit 30 includes a DC voltage source 300, a driving
circuit 32, a control signal generator 314 and a load circuit
312. The DC voltage source 300 1s used for providing DC
power. The driving circuit 32 1s almost the same as the driving
circuit 22 1in FIG. 2, and includes a switch 302, a first resistor
304, a second resistor 314, a diode 306, an inductor 308, and
a filtering capacitor 310. The first resistor 304 and the second
resistor 314 both have one end coupled to the first grounding
end GND1 and another end coupled to the control signal
generator 314. From comparison with the driving circuit 22,
it can be seen that the driving circuit 32 adds the second
resistor 314 coupled between the grounding node GND1 and
the diode 308. As a result, as the switch 302 turns on, the
control signal generator 314 generates the control signal Sc
according to the current variation of the first resistor 304. As
the switch 302 turns oif, the control signal generator 314

generates the control signal Sc according to current variation
of the second resistor 314.

As the switch 302 turns on, the diode 306 bears a reverse
bias. A loop L3 becomes open, and thereby no current tlows
across the second resistor 314. Besides, the DC voltage
source 300 starts to charge the inductor 208, and meanwhile,
the current of the first resistor 304 gradually increases with
the current of the inductor 308. When the current of the first
resistor 304 increases to a predetermined maximum level, the
control signal generator 314 turns oif the switch 302 with the
control signal Sc. As soon as the switch 302 turns off, the DC
voltage source 300 cannot provide electrical energy, and
thereby no current flows 1nto the first resistor 304. The induc-
tor 308 generates an mverse-polarity voltage, and the diode

306 changes to operate under a forward bias and the loop L3
conducts. A current therefore tlows into the second resistor
314, and decreases with the current of the inductor 208. When
the current of the second resistor 314 decreases to a predeter-
mined minimum level, the control signal generator 314 turns
on the switch 302 with the control signal Sc. By the above-
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mentioned operation, the current of the load circuit 312 can be
maintained within a specific current range. In the DC power
conversion circuit 30, the control signal generator 314 does
not use the same grounding node, GND?2, with other devices,
but the first grounding node GND1. In addition, the control
signal generator 314 generates the control signal Sc accord-
ing to the currents of the first resistor 304 and the second
resistor 314 during turn-on and turn-oif of the switch 302. The
control signal Sc 1s generated at the high-side voltage level.
Thus, the control signal Sc can be sent directly to the switch
302 without any assistance from the transformer devices.

In conclusion, according to the prior art, the resistor
coupled to the low end of the load circuit has a common
ground with the control signal generator. The control signal 1s
generated at a different voltage level from the switch. There-
tore, the DC power conversion circuit of the prior art requires
the voltage regulator to adjust the voltage level of the control
signal. According to the present invention, the control signal
generator dose not use the same grounding node as other
devices 1 the DC power conversion circuit, and the resistors
are arranged at the next stage of the switch. As a result, the
control signal generator and the switch are at the same high-
side voltage level. The control signal can be sent directly to
the switch, without use of the voltage regulator. Therefore, the
DC power conversion circuit of the present invention arranges
resistors at the high-side voltage level and couples the control
signal generator to the grounding end different from that used
by other devices. Therelore, the present invention can reduce
circuit complexity and production cost.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the mvention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What 1s claimed 1s:

1. A direct-current (DC) power conversion circuit with
constant current output comprising;:

a DC voltage source for providing DC power;

a driving circuit comprising:

a switch having a first end coupled to the DC voltage
source, a second end for receiving a control signal,
and a third end, the switch used for conducting or
cutting oif a coupling between the first end and the

third end according to the control signal recerved by

the second end;

a resistor having a first end coupled to the third end of the
switch and a second end coupled to a first grounding
end;

a diode having a first end coupled to the third end of the

switch and the first end of the resistor, and a second
end coupled to a second grounding end; and

an inductor having a first end coupled to the first ground-
ing end, and a second end coupled to a load circuait;
and

a control signal generator having a first input end coupled
to the second end of the switch, a second mput end
coupled to the first grounding end, and an output end
coupled to the third end of the switch, the control signal
generator for generating the control signal for the second
end of the switch according to a current of the resistor.

2. The DC power conversion circuit of claim 1, wherein the
control signal generator 1s a pulse width modulator.
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3. The DC power conversion circuit of claim 1 further
comprising a filtering capacitor coupled to the second
grounding end and the second end of the inductor.

4. The DC power conversion circuit of claim 1, wherein the
switch 1s a metal-oxide-semiconductor field-effect transistor
(MOSFFET transistor).

5. The DC power conversion circuit of claim 4, wherein the
first end of the switch 1s a drain, the second end of the switch
1s a gate, and the third end of the switch 1s a source.

6. The DC power conversion circuit of claim 1, wherein the
switch 1s a bipolar junction transistor (BJT).

7. The DC power conversion circuit of claim 6, wherein the
first end of the switch 1s a collector, the second end of the
switch 1s a base, and the third end of the switch 1s an emuitter.

8. The DC power conversion circuit of claim 1, wherein the
first end of the diode 1s N-doped, and the second end of the
diode 1s P-doped.

9. A direct-current (DC) power conversion circuit with
constant current output comprising;:

a DC voltage source for providing DC power;

a driving circuit comprising:

a switch having a first end coupled to the DC voltage
source, a second end for receiving a control signal,
and a third end, the switch used for conducting or
cutting off a coupling between the first end and the

third end according to the control signal received by
the second end;

a first resistor having a first end coupled to the third end
of the switch and a second end coupled to a first
grounding end;

a second resistor having a first end and a second end
coupled to the first grounding end;

a diode having a first end coupled to the first end of the
second resistor, and a second end coupled to a second
grounding end; and

an 1nductor having a first end coupled to the first ground-
ing end, and a second end coupled to a load circuait;
and

a control signal generator coupled to the second and third

ends of the switch, the first end of the second resistor,

and the first grounding end, for generating the control

signal for the second end of the switch according to a

current of the first or second resistor.

10. The DC power conversion circuit of claim 9, wherein
the control signal generator 1s a pulse width modulator.

11. The DC power conversion circuit of claim 9 further
comprising a {iltering capacitor coupled to the second
grounding end and the second end of the inductor.

12. The DC power conversion circuit of claim 9, wherein
the switch 1s a metal-oxide-semiconductor field-effect tran-
sistor (MOSFET transistor).

13. The DC power conversion circuit of claim 12, wherein
the first end of the switch i1s a drain, the second end of the
switch 1s a gate, and the third end of the switch 1s a source.

14. The DC power conversion circuit of claim 9, wherein
the switch 1s a bipolar junction transistor (BJT).

15. The DC power conversion circuit of claim 14, wherein
the first end of the switch 1s a collector, the second end of the
switch 1s a base, and the third end of the switch 1s an emuitter.

16. The DC power conversion circuit of claim 9, wherein
the first end of the diode 1s N-doped, and the second end of the
diode 1s P-doped.
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